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PROBLEM TO BE SOLVED: To prevent deterioration of squareness ratio of a 
demagnetizing curve after an anticorrosion covering film is coated, in a 
microminiature Nd-Fe-B based sintered magnet wherein single weight is at most 1 
g and the surface is coated. 

SOLUTION: Electroless plating or vapor plating is adopted as a means for forming 
a covering film. Qi^titv[5fIhydrogen2contained in magnet base material and the 
covering film is^c^trolled to-b^jittn^^ As a result, deterioration of 

squareness ratio of a demagnetizing curve can be prevented. 
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[Document Name] Description 



[Title of the Invention] The corrosion resistance outstanding micro magnet 



[Claim(s)] 



[Claim 1] The micro magnet with which the value of S/V has one or more [ 1 mm-] 
shaped materials, it has one or more layers of coats of a metal or an alloy on the 
surface, and the single pile was excellent in the corrosion resistance whose magnetic 
hydrogen quantity is 100 ppm or less when surface area was [ Smm2 and the volume ] 
Vmm3 in a R-Fe-B system sintering permanent magnet of 1g or less. 



[Claim 2] The outstanding micro magnet of the corrosion resistance according to claim 
1 whose coats are chromium, iron, cobalt, nickel, copper, zinc, palladium, silver, tin, 
gold, lead, at least one sort of metals of the pewters, or an alloy. 



[Detailed Description of the Invention] 



[0001] 



[Field of the Invention] The rate of area to the volume is large, for example, this 
invention relates to a corrosion resistance improvement of a Nd-Fe-B system sintering 
permanent magnet which has the micro configuration of 1g or less of single piles. The 
influence of the damage from a material surface is related with the outstanding micro 
magnet of the corrosion resistance which prevented effectively degradation of the 
magnetic properties resulting from the surface coating of this micro configuration 
article that becomes remarkable. 



[0002] 



[Description of the Prior Art] A Nd-Fe-B system sintering permanent magnet is 
fabricated grinding the Nd-Fe-B system alloy of the ingoted specific presentation, 
making it impalpable powder, and carrying out orientation of this in a field, sinters the 
acquired Plastic solid and is manufactured. Moreover, generally coating of the quality 
of the material is variously performed to a Nd-Fe-B system sintered magnet for the 
purpose of the corrosion prevention on the surface of a magnet. 



[0003] Generally as the conventional coating method, vapor platings, such as resin 
paint and vacuum deposition, electroplating, etc. are used. Since it excels in the 
effectiveness of preventing the contamination of the product with which it excels in 
corrosion resistance, and a magnet is incorporated, especially coating that made nickel 
by electroplating the subject is used widely. 



[0004] The Nd-Fe-B system sintered magnet is widely used for MRI, VCM, the motor, 
the actuator, etc., and since it has the highest magnetic properties in a practical use 
magnet material, it contributes to the miniaturization of these application products. 
Especially, the miniaturization of the configuration of the Nd-Fe-B system sintered 
magnet used for a motor, an actuator, etc. is being enhanced, and a thing of not a g or 
less has [ several millimeters and a single pile ] the new upper limit these days. 



[0005] It is considered as the technique in which such a single pile manufactures a 
Nd-Fe-B system sintered magnet with a micro configuration of 1g or less with the 
sufficient yield. For example, it presses after supplying the end of precursor powder 
the fluidity was raised by granulation to metal mold, and the method of obtaining a 
magnet material with high dimensional accuracy by sintering this is indicated by 
JP,H10-270278,Aetc. 



[0006] 



[Problem(s) to be Solved by the Invention] Inventors did the knowledge of there 
being the following troubles in conventional technology in the process of examination 
which performs coating to the surface of a micro-shaped Nd-Fe-B system sintered 
magnet. 



[0007] That is, when a single pile formed the nickel film by electroplating in the 
surface of a Nd-Fe-B system sintered magnet with a micro configuration of 1g or less, 
this magnet after plating was magnetized and magnetic properties were evaluated, it 
turned out that the square shape nature of a demagnetization curve falls remarkably. 



[0008] When examination was furthermore added, it turned out that the fall of this 
square shape nature becomes especially remarkable when the value of S/V is one or 
more [ 1mm-] when the surface area of a magnet material of 1g or less is [ Smm2 and 
the volume of a single pile ] Vmm3. 



[0009] This invention solves the problem to which the square shape nature of a 
demagnetization curve falls remarkably by coating of the metal given to the surface of 
the R-Fe-B system sintered magnet of the micro configuration which became clear in 
the above-mentioned knowledge, or an alloy. There is little degradation of magnetic 
properties and it aims at offer of the R-Fe-B system sintering permanent magnet with 
which the coating coat excellent in corrosion resistance was formed. 



[0010] 



[Means for Solving the Problem] The result of having repeated examination 
wholeheartedly, as for inventors, the above-mentioned single pile solving the problem 
of degradation of the magnetic properties accompanying the surface coating of a 
R-Fe-B system sintering permanent magnet with a micro configuration of 1g or less, 
The analytical value of the hydrogen quantity contained in the magnet material and 
coat after coating with the above-mentioned problem was over 100 ppm, and since the 
hydrogen quantity contained in the magnet material before coating was at most 10 
ppm, the knowledge of the increase in hydrogen quantity originating in electroplating 
processing was carried out. 



[0011] That is, most hydrogen atoms which increased by electroplating processing 
exist in the Nd-Fe-B system sintered magnet inside not a plating coat but a coat. Since 
a crystal magnetic anisotropy falls, the part which carried out occlusion of the 
hydrogen near the surface among magnet materials will lose coercive force, and it will 
lose the property as a magnet. Moreover, the hydrogen by which occlusion was once 
carried out to the magnet material cannot be removed easily. 



[0012] Then, if the magnet after electroplating is heated at 800 degrees C or more, it 
is possible to reduce hydrogen quantity, but the fault of the plating coat itself 
exfoliating in this case arises. Therefore, in order to prevent degradation of the 
magnetic properties resulting from coat formation, it is indispensable to devise so that 
a magnet material may not carry out occlusion of the hydrogen during coating 
treatment. 



[0013] If inventors control the hydrogen quantity which adopts nonelectrolytic plating 
or a vapor plating as a means of coat formation, and is contained in a magnet material 
and a coat to 1 00 ppm or less Even if it performed 2nd and 3rd coat formation by the 
galvanizing method it is the same on the coat of the 1st layer which carried out the 
knowledge of the ability to prevent the fall of the square shape nature of a 
demagnetization curve, and was formed with the above-mentioned means, or other 
galvanizing methods, the fall of square shape nature carried out the knowledge of few 
[ comparatively ] things, and completed this invention. 



[0014]jvJamely, the single pile of this invention is alfe l||^ 

plSlllf^^ -or analto^on 

^fl^ilip, and is characterized by magnetic^Htdftfgeh quantity bei^TSTd ppm or 
less. 



[0015] 



[Embodiment of the Invention] As long as the R-Fe-B system sintering permanent 
magnet which is the target of this invention fabricated and sintered the precursor 
powder end of a necessary presentation, it could be manufactured by what kind of 
well-known presentation and the manufacture method. 



[0016] The desirable presentation range of the R-Fe-B system magnet alloy powder of 
this invention is explained below. The rare earth elements R used for this system 
magnet alloy powder are rare earth elements which include an yttrium (Y) and 
include light rare earth and heavy rare earth. As R, intermediary **** especially Nd, and 
Pr are desirable also in light rare earth. Moreover, usually, have one sort in R, and 
although it is sufficient Being able to use two or more sorts of mixture (a misch metal, 
******, etc.) for which expedient Reasons of acquisition practically, in addition, you 
may not be pure rare earth elements, and this R does not contain an inescapable 
impurity on manufacture in the available range on industry, and does not interfere. 



[0017] If R is the essential element of the after alloy powder which manufactures a 
R-Fe-B system permanent magnet, and high magnetic properties, especially high 
coercive force are not acquired under by 10 atom % but 30 atom % is exceeded, a 
residual magnetic flux density (Br) will fall. Since the permanent magnet of the 
outstanding property is not obtained, the range of R of ten atoms % - 30 atom % is 
desirable. 



[0018] B is the essential element of the after alloy powder which manufactures a 
R-Fe-B system permanent magnet, and since it is not obtained and the permanent 
magnet which was excellent since a residual magnetic flux density (Br) would fall if 
28 atom % is exceeded is not obtained, high coercive force (iHc) has the range 
desirable at under 1 atom % of one atom % - 28 atom %. 



[0019] Since high coercive force will not be acquired if a residual magnetic flux density 
(Br) falls under by 42 atom % and Fe which is an essential element exceeds 89 atom 
%, Fe is limited to 42 atoms % - 89 atom %. Moreover, although the Reason for 
permuting a part of Fe by Co is because the effectiveness of raising the effectiveness 
of raising the temperature characteristic of a permanent magnet, and corrosion 
resistance is acquired, if Co exceeds 50% of Fe, high coercive force will not be acquired 
and the outstanding permanent magnet will not be obtained. Therefore, Co makes 50% 
of Fe an upper limit. 



[0020] In the R-Fe-B after alloy powder of this invention, in order to obtain the 
outstanding permanent magnet which has both a high residual magnetic flux density 
and high coercive force, the presentation based on R1 2 atom % - 1 6 atoms %, B4 atom 
% - 12 atoms %, Fe72 atom % - 84 atom % is desirable. Moreover, although the R-Fe-B 
after alloy powder of this invention can permit existence of an unescapable-on 
industrial production impurity besides R, B, and Fe The manufacturability improvement 
of a magnet alloy and a low price are possible by permuting a part of B below by 4.0 
atom % with at least one sort and the total quantity among Cu below C below 4.0 atom 
%, P below 3.5 atom %, S below 2.5 atom %, and 3.5 atom %. 



[0021] Into furthermore, the R-Fe-B alloy containing said R, B 3 Fe alloy, or Co 
aluminum below 9.5 atom %, Ti below 4.5 atom %, V below 9.5 atom %, Cr below 8.5 
atom %, Mn below 8.0 atom %, Bi below pentatomic %, Nb below 12.5 atom %, Ta below 
10.5 atom %, Mo below 9.5 atom %, The high coercive force of a permanent magnet 
alloy becomes possible by carrying out at least one-sort addition content among W 
below 9.5 atom %, Sb below 2.5 atom %, germanium below 7 atom %, Sn below 3.5 
atom %, Zr below 5.5 atom %, and Hf below 5.5 atom %. 



[0022] In this invention, a single pHejsJg or less, and wl^Tsurfage area is Smm2 and> 
the^uR^^ 

coiOoTOationT^ what has one or 

more [ 1mm-] configurations. When a single pile exceeds 1g or the value of S/V is less 
than [ 1 mm-] one configuration Although there are [ the fall of the square shape 
nature of the demagnetization curve resulting from the change near the magnet 
material surface made into the problem by this invention ] some, since the rate of 
surface area to the volume is small, when the whole magnet estimates magnetic 
properties, influence does not appear in ****. 



[0023] Therefore, when a single pile exceeds 1g, or when the value of S/V is less than [ 
1 mm-] one configuration, it carries out the outside of the object of this invention. As 
this effect of the invention has few single piles at 1g or less, and the rnoreJts_value_of ; 
S/V-is-larger exceedingjnr^ , the more it serves as ****. If an example is shown, the 
c^nditions^fr^mwhich the value of 0.9g and S/V is set to 1 .2mm-1 , and the single pile 
of the Nd-Fe-B system sintered magnet of the cube shape whose die length of one 
side is 5mm, for example is the target of this invention will be fulfilled. 

[0024] Since the magnet with a magnitude of 10 micrometers or less which is the 
limitation of a manufacturing technology and the crystal grain diameter of the usual 
Nd-Fe-B system sintered magnet cannot have coercive force, it is limited for the upper 
limit of the value of S/V to one or less [ about 50mm-]. the configuration of the 
magnet material used for this invention - the value of S/V - 1 or more [ 1mm-] and 
1 or less [ 50mm-] -- it is 1 or more [ 2mm-] and 1 or less [ 20mm-] more preferably 
one or less [ 30mm-] one or more [ 1 .5mm-]. 



[0025] Moreover, in the case of the configuration where the sum total of the area of all 
the fields which perform coat formation performed calculation of the surface area (S) 
of a magnet material, for example, holes, such as a ring, opened, the area inside a hole 
shall also be contained in this invention. In addition, in this invention, when making 
surface area S of a magnet material a fixed quantity, irregularity of less than 50 
micrometers of differences of elevation in the magnet surface shall be disregarded. 



[0026] Configuration grant may be performed only by metal mold shaping and 
sintering, without if possible processing it with the case where configuration grant is 
carried out by machining from a large material as a method of producing the R-Fe-B 
system sintered magnet which has the dimension limited on condition of the above. 
Since the supply in the precursor powder end of the metal mold which has small 
opening in the case of the latter becomes difficult, it is desirable to corn the end of 
precursor powder beforehand, to raise a fluidity, and to make powder supply to metal 
mold easy before shaping. 

[0027] In this invention, nonelectrolytic plating does not carry out performing 
energization between the plating liquid and the magnet material by an external power, 
but immerses magnet funiculus material into the plating liquid adjusted to the 
nonelectrolytic plating containing a reducing agent and a metal ion, and the processing 
which carries out coat formation to a material surface is said. Since what begins nickel 
and copper and performs coat formation of various metals and an alloy is developed 



by nonelectrolytic plating liquid, these well-known nonelectrolytic plating liquid can be 
used for it. 



[0028] In nonelectrolytic caw controls 

quailtylcor^ if 
the thickness of a coat is a realistic less than value, for example, 50 micrometers, even 
if the value of S/V is one or more [ 1 mm-] in 1 g or less. 



[0029] It is with electroplating and nonelectrolytic plating which are generally used, 
and the Reason the hydrogen quantity by which occlusion is carried out to a magnet 
material at the time of coat formation differs is as follows. The hydrogen ion (H+) or 
the oxonium ion (H30+) exists in any plating liquid in liquid. These ion has high 
mobility compared with a metal ion, and if the potential difference is in plating liquid, 
it can be moved easily. 

[0030] In electroplating, in order to carry out electrocrystallization of the metal on the 
surface of a magnet material, electronegative potential is applied, but [ for this reason 
] a perpendicular electric field gradient occurs on the surface of a material. A hydrogen 
ion etc. can be drawn near to the magnet surface rather than a metal ion at high speed 
for this electric field gradient, and is further diffused inside the magnet by making the 
electric field gradient inside magnetic into driving force. 



[0031] On the other hand, although a metal coat is formed in a material surface in 
nonelectrolytic plating in an operation of the reducing agent contained in plating 
liquid, since an exchange of the electron in this process is performed at random in all 
the locations of a material surface, a macroscopic electric field gradient like [ in 
electrolysis plating ] is not generated. Moreover, since it will become parallel to a 
material surface even if an electric field gradient occurs, the driving force which 
diffuses a hydrogen ion etc. inside a magnet cannot become. 



[0032] Since it stated above, when nonelectrolytic plating is adopted, the hydrogen 
quantity by which occlusion is carried out to a magnet material compared with 
electroplating at the time of coat formation can be reduced remarkably. 



[0033] In this invention, it is desirable to use chromium, iron, cobalt, nickel, copper, 
zinc, palladium, silver, tin, gold, lead, at least one sort of metals of the pewters, or an 
alloy for the quality of the material of the coat formed on the surface of a magnet 
material. 



[0034] When the coat of the 1st layer which consists of the above-mentioned quality of 
the material by the above-mentioned method is formed in the surface of a magnet 
material with nonelectrolytic plating, You may form in the outside of the coat of the 1st 
layer the 2nd and 3rd coat which consists of chromium, iron, cobalt, nickel, copper, 
zinc, palladium, silver, tin, gold, lead, at least one sort of metals of the pewters, or an 
alloy. 



[0035] In the case of such a multilayer film, at the time of the 2nd [ or more ]-layer 
coat formation, the coat of the 1 st layer can prevent that hydrogen is spread in a 
magnet material from the exterior. Therefore, the formation method of the coat of the 
2nd more than layer becomes possible [ that do not necessarily limit to nonelectrolytic 
plating but ** also controls a final hydrogen content also by electroplating to 100 ppm 
or less, for example ), and can prevent the fall of square shape nature. 



[0036] In this invention, the thickness of the coat formed is suitably chosen by balance 
with the configuration of a magnet material, and the corrosion resistance intensity 
searched for from a magnetic operating environment. If the sum total of the thickness 
of all the coats formed in the surface of the magnet material which has the 
configuration which is the target of this invention exceeds 50 micrometers Since the 
need of enlarging the volume of the whole magnet arises in order for the rate of the 
volume of a coat to the volume of a magnet material to become large, and for the flux 
density on the surface of a magnet to fall or to obtain the flux density of fixed 
magnitude, it is not desirable. Moreover, if coat thickness is thinner than 3 
micrometers, sufficient corrosion resistance will not be acquired. 



[0037] As for the sum total of the thickness of the coat in this invention, it is desirable 
to make it 3 micrometers or more and 50 micrometers or less. More desirable coat 
thickness is 5 micrometers or more and 30 micrometers or less. 



[0038] In this invention, it is desirable to use well-known vapor-plating methods, such 
as vacuum deposition and sputtering, for formation of a coat in order to control a 
hydrogen content to 100 ppm or less. It is also possible to form a multilayer film 
combining the aforementioned nonelectrolytic plating or electroplating. Moreover, 
when forming a multilayer film in this invention, the quality of the material of the coat 
of the 1 st layer and the 2nd and more than [ 3rd ] coat may be the same, or may differ, 
or any are sufficient as it. 



[0039] The R-Fe-B system sintering permanent magnet has the property which is easy 
to carry out occlusion of the hydrogen. If the magnet material which has the 
configuration which is the target of this invention is electroplated on the same 
conditions, even if diffusion and the depth from the material surface by which 
occlusion is carried out are equivalent to the case of a big material, hydrogen Since it 
is [ the rate of the volume of a part that coercive force declines ] large compared with 
the volume of the whole magnet, if the magnetic properties of the whole magnet are 
evaluated by hydrogen absorption, the square shape nature of a demagnetization 
curve will fall remarkably. 



[0040] In order to know the above-mentioned rate of a volume ratio, the method of 
analyzing the hydrogen content after coat shaping is the simplest. Namely, the 
hydrogen quantity contained in the magnet material before coating is at most about 10 
ppm, and, as for the hydrogen by which occlusion is carried out during coating 
treatment, most exists near [ instead of a coat ] the surface of a magnet material. 
Therefore, if the hydrogen quantity contained in the magnet material and coat after 
covering is analyzed, the standard of the rate of a volume ratio of a part to which 
coercive force fell in response to the influence of hydrogen absorption in the magnet 
material will be obtained. 



[0041] The content of hydrogen shall be expressed with the relative value (unit: 
ppm) to the analyzed weight of a sample instead of an absolute value in this 
invention. Since the square shape nature of a demagnetization curve will fall notably if 
the above-mentioned hydrogen quantity exceeds [ a single pile ] 100 ppm at 1g or less 
in these one or more [ 1 mm-] system sintered magnets in the value of S/V, as for the 
hydrogen quantity contained in a magnet material and a coat, 1 00 ppm or less are 
desirable. The more desirable range of hydrogen quantity is 50 ppm or less. 



[0042] The method of measuring the gas emitted as a method of analyzing the 
hydrogen quantity contained in this system sintered magnet after coat shaping when 
the whole sample is heated is the simplest. Although what is necessary is just to be 
able to measure more preferably the hydrogen quantity contained only in the magnet 
material except a coat part, this is impossible as a matter of fact. However, since most 
hydrogen in a sample exists in a magnet material, even if it analyzes the whole sample 
which consists of a magnet material and a coat, it does not interfere at all. 



[0043] It is desirable that this invention uses a sample oscillatory type magnetometer 
(VSM) for evaluation of the magnetic properties of the micro magnet of the target 
specific shape. The square shape nature of a demagnetization curve is defined as 
follows, that is, a pulsed magnetic field etc. should boil a sample - after carrying out 
****** magnetization, the 1 st quadrant and the 2nd quadrant of a demagnetization 
curve (J-H curve) are measured using VSM, and a demagnetizing field is amended by 
a suitable method. The y-coordinate of the intersection of a demagnetization curve 
and the y-axis shows the residual magnetic flux density Br on the obtained graph. It is 
parallel to a x axis on a graph, the straight line of as [ whose a y-coordinate is Brx0.9 ] 
is drawn, and the absolute value Hk of the x-coordinate (- Hk) of the intersection of 
that straight line and demagnetization curve is defined as the square shape nature of 
this demagnetization curve. 

[0044] With the magnet excellent in square shape nature, since the magnetization J of 
the 2nd quadrant falls rapidly with a coercive force point by **** regularity until it 
results in the coercive force point HcJ, a demagnetization curve serves as a form which 
was square right-angled. In this case, Hk becomes almost the same as the value of HcJ. 
On the other hand, with the magnet to which square shape nature is falling for a 
certain Reason, the magnetization J of the 2nd quadrant falls gradually from Br, and 
the value of Hk becomes low compared with the value of HcJ. The fall of square shape 
nature does not have the constant coercive force inside magnetic, and means that the 
low place of coercive force exists partially. Since the coercive force HcB on a B-H curve 
and maximum energy product (BH) max will fall and the flux density on the surface 
of a magnet will also fall if square shape nature falls, it is not desirable on magnetic 
properties. 



[0045] 



[Example] 31 .Oweight %, B has the presentation which it becomes from Remainder Fe 
and the element contained unescapable 1. Oweight %, fabricated in the field the end of 
Nd-Fe-B system precursor powder whose mean particle diameter is 3.0 micrometers, 
sintered the acquired Plastic solid at 1 080 degrees C for 2 hours, and example 1 Nd 




obtained th ^^J^e dmagnet Th#R:11nT^^ 



r^omeg^^^^^^^iiglp^p 3.0mm (§£02w!m*i\) and 0.02!g^fsfflg% piles ] 



[0046] T*llj|2gg^ . Moreover, as for the 

magnetic properties after magnetization, the residual magnetic flux densities Br were [ 
1 .30T and the coercive force HcJ of 1 050 kA/m and the square shape nature of the 
demagnetization curve ] 950 kA/m. 



[0047] l^ggjgji^ in Table 1 at the obtained 

sample was formed with vacuum deposition, ^ BB^eBiBS ibr nonelectrolytic plating by 
the thickness similarly shown in Table 1. The result of having measured the square 
shape nature of the hydrogen quantity contained in the sample after coat formation 
and the demagnetization curve after magnetization, respectively is shown in Table 1 



[0048] One side of the same magnet as what was produced in the comparative 
example 1 example 1 formed the coat of the quality of the material shown in Table 1 
with electroplating by energization by the thickness similarly shown in Table 1 to the 
cube sample which is 3.0mm. The result of having measured the square shape nature 
of the hydrogen content of the sample after coat formation and the demagnetization 
curve after magnetization, respectively is shown in Table 1 . 



[0049] According to this invention from the result shown in Table 1 , it sets to the 
surface coating of a micro configuration article. It turns out that the hydrogen quantity 
contained in a magnet material and a coat can be 1 00 ppm or less, and the value of 
the square shape nature of a demagnetization curve can prevent the fault which 
decreases remarkably compared with coating before as the result as compared with 
what is depended on electroplating. 





[0050] 
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[0051] Example 2Nd has the presentation which B becomes from Remainder Fe and the 
element contained unescapable 1 .Oweight % 31 .Oweight %. The slurry of 70% of 
concentration was produced by adding 30g of 10% water solutions of polyvinyl alcohol 
to 1kg as a binder in the end of neodymium iron-boron system precursor powder 
whose mean particle diameter is 3.0 micrometers, adding water further, and stirring. 
By supplying and carrying out spray drying of this slurry to a spray dryer, the 
granulation powder whose mean particle diameter (secondary particle diameter) is 
80 micrometers was obtained. 



[0052] Then, after supplying this granulation powder to metal mold and fabricating it 
among a field, the debinder of the acquired Plastic solid was carried out at 500 
degrees C into hydrogen for 2 hours. It sintered at 1080 degrees C succeedingly for 2 
hours, and the sample with the outer diameter of 2.0mm, a bore of 1 .0mm, and a 
height of 1 .0mm (0.01 8g of single piles, S/V=6mm-1) was obtained. 



[0053] The orientation direction of the sample was a height direction. The hydrogen 
content of the obtained sample was 9 ppm. Moreover, as for the magnetic properties 
after magnetization, the residual magnetic flux densities Br were [ 1 .25T and the 
coercive force HcJ of 1 080 kA/m and the square shape nature of the demagnetization 
curve ] 960 kA/m. 



[0054] Next, after forming the coat of the 1st layer by the vapor plating shown in Table 
2 at the obtained sample, or nonelectrolytic plating, the coat of the 2nd layer further 
shown in Table 2 was fabricated. ******** is shown for the square shape nature of the 
hydrogen quantity contained in the sample after obtained two-layer coating, and the 
demagnetization curve after magnetization in Table 2, respectively. 



[0055] After forming the coat of the same specification as the 2nd layer of the example 
2 shown in Table 2 in the sample of the same lot as what was used in the comparative 
example 2 example 2 at the 1st layer, the result of having measured the square shape 
nature of the hydrogen quantity contained in a sample and the demagnetization curve 
after magnetization, respectively is shown in Table 2. 



[0056] According to this invention, from the result shown in Table 2, the hydrogen 
quantity contained in a magnet material and a coat could be 100 ppm or less by 
preparing a vapor plating or an electroless plating layer as a substrate of electroplating 
in the surface coating of a micro configuration article, the case where there is no 
foundation layer as the result - ** it turns out that it compares and the value of the 
square shape nature of a demagnetization curve can prevent the fault which decreases 
remarkably compared with coating before. 



[0057] 



[Table 2] 
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(kA/m) 






ma 
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8 
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m 
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95 


9 n A 
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240 
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169 
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[0058] 



[Effect of the Invention] According to this invention, the problem to which the square 
shape nature of a demagnetization curve falls remarkably by coating of the metal given 
to the surface of the micro-shaped R-Fe-B system sintered magnet or an alloy is 
solved. There is little degradation of the magnetic properties after formation of a 
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(54) Wfctt©-r<tlfcfi>M!«5 
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Vim 2001-135511 



[R#«1] ft®A<1gBtT<0R-Fe-B?S&*3**ftC 

H6110f Cftf=fi/|>gft5. 
[R*H2] ftlgtf, ft. -v<r 

A». ft, £ft. ft. *A 4. ft, 

KgHfttf>Em«<D* C*if=ft'M!«S. 
[»H<D»l8fc»ljliJ 
[0001] 

ttSB* 6<D5C * -*J ©KftA<ft« t « Sftft/hSfttt 

aroaffia-x^ >yi=jgaf «>ftfti#tt©*<b$saft 

[0002] 

[ft*tf>ttt&] Nd-Fe-B&fctSifc^ffiSli. SSSLf-ft 
S«*<DNd-Fe-BS64$tt»LT«tt*lcL. Cft£ 
fti?4>-eEiaiL,&>b<e,fi&#u 1»&ftfe«»{ttattl,' 
T»£*ft$. *fc. Nd-fe-BjRftft»SI=li. -921- 

t&$ft&« 

[0003] tt*(0=i-T<>y*ai:L-CI*. ftftftft. 

Lfca-x-f >?l*»£1tK-*-Cft. *fc. ttCOTft* 

CftTl,**fc#>, flXffll^&ftTl**. 
[0004] Nd-Fe-6S«ft»5l*. MRU VCM. T 
ax-»ft^|=ft<«tyhrftV. aaactmo 

1bfl>-*tfe£9TJ39. a&-Cli***ft«tR». * 
[0005] C<D<fcdfci|IS*<1giaT<Dfi>hg«M*<DNd-Fe- 

B»«e«5$#B*y*<«a-r*tt«tL-c. 

If. ftttlZj:o-canft$S»«:B[»»«$ftSI=ftft 

astiftKU cnsfte-r*ctT?-+afta«>g^« 

5ft*t *8 •6*a tfftaw 0-270278#fc if 1=18* * ft 
[0006] 

[RRtfBft 5 fc**Rffl] Rfl#&li. a*B» 
tt<DNd-Fe-B£fttSft5a>&ffil::3-f-<f 
tta>aBI=&l*T. 1it*8E«lcl*jaT«>B9a^A<fe* c 

[0007] tfcft*,. «®A<1geiT05S^S»tt<DNd-Fe- 



«» £ sit * t aaffiftrofl »it a<§ L.<tm- 

[0008] *f>l=ftW$to**i:, £<Dft»1i«><£TI*, 
»ft*<1gJilT©«5ft*r<)!>aBaA«Snm2. ttaaw-e 
fe* t f . S/VOft«(lMr1n±a>«ftirfti:a*i:«« 

[0009] C»S6fPll*. xffi<Dfiia-CIBe>A>l='&rafca^ 
£»tta>R-Fe-e£ftfttt5<Dftftl=JS Lf=BBXl*«ft 

ea-?<r>?K*vaaaaefl*i£A<*i<aTr 

*HB*»ftL, «ft«ttOJftib*<*iS<. *^»ftlt 
icf Cftfca-T-f >yftK<0»**ftfcR-Fe-B3Rfitft 

[0010] 

[BH*«*-f$t=tf>©#ft] ftm«&tt. ±&o>mm 

AMg«T<Dft/hS!»tt«>R-Fe-Bjfe«te*Ali5<oa®a 
— t - -c >?lc#5ftftfttt<Ds|;<b<&raa£®5S-f <<< ft 
SftWSfttofcftft. ±E©He«)fc*3— f-f >y« 
©«5**rfc»Bl=S*ft**ftfi<D»«r«l*100ppBS 
fijftfcy. 3-x-O^fiJ<0«5*ttl=^*ft«*ft 

e life * « jwoppmfco t? . *^fio)Jitoitma«) o $ 
aai=Rar« c & saaifc. 
[ooii] f&fcfc. as«>-3#ftaizj:o-cJiftjLfc* 
ftjs^a>*#i*. »?*aa-ett« < aR* y ii*Ba> 

$a^iia>*jg$«BLf:^«. aaasia^i±«<ft 

*?. *fc. ftsft*ric-aftftsftfc**i4SS(=» 
yft<c&j&<-o#&t>. 

[ooi2] -t-ci?, sa«>-3tft(D«e$8oo c cia±ictti 

Srt-fttf**fiS«ftf*Ci:l*SIfigfc-*<, CCDft^l* 

a-3-c, aa»«i=RBr«afttta«>£ib*ftcf:: 

I*. 3— f 4 >*ftJI4M=tt5ftttj!><*ft£iSRl,fc(,> 

[0013] fEW#6>tt. ISIMrofStLTWifto 
*fcl*a«tf>-3£££fflU ft5*«t«E 
l=#*ft^**fi$100pp(nJaTlca > ha— ^ ftl*. 

fc. xE©*«-C»«Ufc»1®«)aE±lc(g«fl)*)o 
*fcl*1ft«)«)o#aic«J:orS2, m3<DftH»« 

[0014] fttft*. *a6<1gJaT0>R-Fe-B 
SA<OftA<1imr1-50iiin-1<O}R$t©ttSWL, -t^ft 

^iooppmfiiT-efc-5 c t eaa t r *R-f e-e^jse* a 



(3) 



#B§2001-1 355 11 



[0015] 

4ltft±fl3EBRtt<r 9 h'J4A(Y)Cfi*U «#±8 

fcaw05*iatoTEy$A<, &f8-ti*2aia.fca> 

[0017] Rl** R - Fe - B&*&fcE£fflSr5£St»* 

o>&ss7cjrc»oT* ioa?»^R-ei*SBM*tt. « 

K(Br)AMftTLt\ ff*ifc«ttO)*A«5^»6*i4t^ 
feA, Ri*10®^%-30^%CO^ffiA<»^Ll^o 
[0018] Bit. R-Fe-B£**B5£BSr*S*tt* 

o&B7c9irefc?T, iBW*B*i**i*«B*(iHc) 

l*»&lv*\ 28HET%€a**fc (Br) tf« 
TtZtzto* «hfc*A«5#»&tifcl*fc*>. 1B« 
~28K : ?*a>eB*«»£ LI*. 
[0019] ftB7c*-C*SFel*. 42K«*3S't?(*»H» 
*««(Br)*««TL. 89B?«£8il«£Skt«B4J*< 
ft&tittlWC. Fatt42B«-89B«lcBSr*. * 
fc, FeO)-®$Co-e®«-r^S*l*, *&i*E<D&gft 

*i4fc*>-Cfcft#, <fcl*FeO>50%*B;l4i:Bl**B* 
tfftfetk?. BfefcAABCftHlbtritl*. cfcoTCott 
Fe(7)50%^±®t-r4c 
[0020] C<D£B<DR - Fe - B**»*lcfcl*T, 

mztztozit* ri2bto~i6b?%, umw-nm* 

*tz* C0)MM-Fe-B6M«»« R. B. FeCDflS, 
<7)-9$4.0^%JfliTCDC. 3. 5H*%#T0)P* 2.5®^% 

uitos, 3.5ia^%jaTa>cu<D : 5*>-r<^< t^ia, £ 

ttB"04.0B«HT-OB»*6Cfc|cJ:y. B€d&0> 
BBIiBB. BBB^WB-Cft*. 
[0021] fc&lc. fJKR, B. Fe££fc4lM*Co£S*Tf 
4R - Fe . Bfr&i::* 9. 5K^F%UIT0>AK 4. 5B?%&T0> 
Tu 9. 5B?%etT0>V, 8.5HW^T0)Cr % 8.0JSW 
TCDMru 50?MUT0!>Bi. 12. 5©*%JUT(DNb. 10. 5H 
T%WT<DTa % 9. 5B^%JaTCDMo. 9. 5®*%JaT<DW, 2. 
5S^%JaT0)Sb. 703*%lUT<BGe* 3. SDm&TOSn. 



[0022] CCD&BKfcOT, R-fe-B£0»S*&«5G>» 
B»rtlW!>B»fl>IMKtt* HBtflgttT?, *®«A<Sra 
m?» fcfflaW-efc€>££. S/Va>BAMimr1fil±0»tt 

s*-r**o!>i-BE-r*. »iwitt*fc^ s/vo) 

LTl*4B5*tt»Bttaa«fcl=fiBr4BBBIia 

ft^tt<&«Ti*£'>f*fc4t<7><&, fcaica-f 4£®» 

0«fr4<*&ltfcftK. B5±(*-CBBf»flttBBLfc 

[0023) BoT. 4UM^1itBjL««ft^ S/V<Dffljb<1 

C6>BBaSbXI*. »BA«1gJUT-C*4«+titf'>ftt^B 
if, *fc. SA0DB*«1nir1*axT*#tttttf**tM$ 
£BS£fc4p B^a-BOft^tfSn 
mfl!)lt*i*»«a)Nc^f e-B*««B5fl!>*«tt0. 9g, S/V 
0>fll*1.&nrl£tty. c<&£Bjf<Da&<tfc4&tt£;S 
fcf. 

[0024) s/ya>mo>±mmz^xit. &s»ffia>fES 

BBANd^e-BIMIBBe^ttBttB-CftSIOifnlSl 
T0***©B5I*«B**»*»*1^**€k »50 
mnrHaTlctBS$tv4o ca)BBIzBi^«B5«*ra)» 
$/VaXI#1nnr1&±, 50nmr1jaT. »*L<I*1. 
5ranr1«±. 30nnr1 JUT, £ y L < &2smrHji± % 20 

[0025] £fc* Z0£91l::&l*T, 

(S) a>tt gf;*«lBH*dt £ 5 ±r co®<D®ao^tti?fr 

0rt0o>Bat»£$ti4ta>£:'f 4. ftfe, ^<d*wic 

lctel+«B«B5O/iin*BO>0fldbl*aa<"*t.a)i:-r 
[0026] ±ea>ft#'CBS«ttfeTfft«*r«R-F»-6» 

toxic *oT»*tf4***£*. &«K<Bx«ri= 

*B*BfcB»«lfC»*»*tfT5«di:***. ft 
#C0ii^lctt. ^*ftBO«t*-r«4B^©BI»»* 

[0027) co^izfet^r. n&mm 
\z*zto^2frtmtttt£<»m<omn$:?7 : izt£ j e; 

*tif=Ao*ao>4iicB5**r*aaL, *«aaic» 

B»*$fr5B«€t^ 0 ^m»Ao$«fctt. -«>>r 
iU, BCaC««*tf*tt*B. d*0>BB»JC«ff 3 

tBCBt^«cfc««t>*4. 
[0028] ji©«^o^u^t>t. msA^igiaT-esAo 
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#**i^**aa>iiai£50ppoiKiTi-W)«i-r* c t 
[oo29] -(fticffli%f,*isBft«>of tmmmtbizt 

asa^, *o**«t>i=mttiiA<**ti*sgi=i!i<c 

ttfX-ZZ. 

[0030] ®SU&o£-ei4. ffiSSW<DgSI-$g£11*r 
$**f=«)lcg<0®ffi$AM+$A<. C©fc«>|-8i*rfl>« 
®Kaitfc®«*JEft<«±-*-S. ft***:/*!*. 

£«1*b*W «5©*6BcD®i843E£ffil&ai:LT*b 

[0031] o#T?(4, *>ot«4»lcS£*l 

ccoi§gt?co®^(D^y & y l4a#£®<0&btf>£&B 

•7$D&ws*Ei4«±Lfci*. *fc. isicsasiEtf 

[0032] ■fil±C*'<fea**&. HSSHt>o#£gJBL 
[0033] w©»WI=6t^T. M6*«(DSffil=»«-r-5 

ate. a, xx, 4. fa. 

4><t< J:tia«>aaXliafteJM.i«C fctfttSL 

[0034] Bua©*ai=j:y. a5*#co«au±E«w 

[0035] C05J:?fc$Hf»|gtDli#. KZJBa±0>ttB 

»**i::f**i © g ©aa *<*a tfnttfr &*€»*rn 

l=ffi«*S::i:£l»JtT?*-6. tt-Jt. 82BJeU:<D« 

lOOppmiaTlcSWf SCitfpmtfc y, ft»tt<OftT 
[0036] COftttlC&OT, »J**;h.Saa(0l9*l4. 



sattettactt* *aso«:«©® < <? y . 

3anJ: y t.Bli&+a«Mftttft<»&;h.ttl.t. 
[0037] ^©fefHKfcctSaiSroJS^OTStH*, 3*/m« 
±, 50//mJJlTlc-r*-iA'»*Ut^ J:y»£U*« 
KJ?*l45//inJil±. 30/imJaT-C&6. 

[0038] d©«wicte^T. wmo>mmzm&m%. x 

14, **^g$100ppmaTlctiWrS/=«>l:»*L 
I*. fliE<D»B#*>-3£, $>5lM4«fcfc^£i:tt*£ 
i*T*®ttK*»fi8-r*Ci:tBIffi-Cfc«.. CCD 

[0039] R-fe-B&atS*X«5l4. *SRS«lL«tl^ 

®as $ *i-58i#aEfr b ©a? * 14* * fca*ra>«6 £ pi 
©*a«>ii* A^e^tttowaictt^-c * $ i »fc»ic, 

[0040] ±&<D*mitm&Di>t:lhlzlt. W&fSiJiilkO) 

a-x<>yitF0)a5**r(c^$*i**#ai4f:A> 
/cAMOppniSa-Cfty. a-T-^>^ffl31*lr®»**v 
6*ai4IJ£^£A<aETM4fc< »C*tta>a®ttiai:: 

§t»xfmutmT LfcSB»o*ajt^oiSA^b*i 
4. 

[0041] COflMII=£l^-C. *X0***l*IK»ftt-Ctt 
<. »«rLf:K»(Oaglc«-r*«54fi(mfi:ppm)-ea 

-r trot-ts. maAMgEiTT, s/vroatfimnHEi-t© 

*SttJMtf&l::JSl>-CI*. ±E<D*«a*<100ppfl)*ffl^. 

st«a*8<oft«si4A<ffigi-«T-r*fc«). «5a« 

ittKU:S£*tS*Sfcai4100ppmJaTA<ff*LL\. 
gOJ: y Lt^EHI450ppmJaT-C**. 
[0042] »jgf£J&&0*$»fS&sr::££;ft£*$a£ 

*#i-5.**x*fflsf*^a5*<fitfaa-c&*. *y»* 

U<I4. «KSS»$»<»C*»fl>^l-^*ti6**a 
*<US-r?^*vl4*l^<. C*il4$S±^»IfiE-Pfe*. L 
*»U BW4><0*S©BtA/iff4a5jR*r«l>l=#aUT 

mot. as»itfca«4»44*ttt»a»«)»ff*ff 

[0043] ca%Wft<ttg^?«ft£»K0ie'hS»ttC<Q 
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mtox&toxma Hik)<D*e*H£Hk£ z<D&mto»<»n 

[0044] ftitzmGTHts Stf&fKttiUfcJI* 

HklAHcJa)^ii:l$t^^^l:ll^*o 

UTT*. ftJ&tlft<<rF-t*£, B-Hlft8±(OSl»aHcB*> 
g*x*;i,*-»(BH)nmjb<«TU «E£®0>i»£® 

[0045] 

[Sttfl] mmi 
NdA<31.0SS%* BA<1.0SS%* aSPFe&tf^pJSWlc^ 



$i080°c-e2^««Lr«ig»e^frp c 

nS«BrtoXLT-iZl3.0nin(S/V=2iTro-1). *ffi0.02g(D 

[0046] #b*t^tt«O7K*^att8ppm-Cfeofc 0 £ 
fc. &6S&CDifi^fttil*, »B«*««BrA<1.30T. « 
«*Hcj^1050kA/ro, mtmn<onnm**WWu<Vibv 

/Co 

[0048] itttttl 

(ttW»l::»LT, *1lC*f*tllO!)«l*BH:<*1IC* 

[0049] aiic35?Lfc*s*j&^ caxmi^tu*. a 
Kic#^+t€>*ms$iooppmiaT^-r^ctA<-e#. * 

*f * 7JtftA<tt±-C £ S - £ #fr*> 6. 
[0050] 

[ai] 





ttfttfg 


*nMQM 




**£ 


Hk 








(pjn) 


(ppm) 


(kA/m) 








6 


11 


940 




ft 




8 


10 


935 








3 


9 


930 








17 


23 


925 


fifc 






32 


60 


895 






s 


6 


10 


945 








13 


27 


935 


09 






9 


18 


910 








50 


95 


890 








5 


11 


915 


1 


ft 




14 


12 


900 








9 


13 


905 








12 


126 


445 






19 


162 


430 




ft 




29 


218 


316 








47 


239 


230 


89 






6 


105 


485 


1 






11 


173 


390 



[0051] XJB0Q2 tcM£fe«%ft*&tt«llJftt*l" ¥$tt8A<3.0 
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Lfc. CCDX^'J-^X^U-Kv-fY-l-ttUgLTlS 

[0052] «t»r. = 0>iitM»&*S!l=tt<*L. lB#4>tf 
»Lfc&. 1#&;h,fc»8»tt£;Kffc4>i::fcl>T500 , te-e2B$ 
Ftf. M/<-f>y-Lfc. 3l*a*1080°C-C2RH*eL 
T^g2.0nm. MSI. Omn. S$1.0mn($S0.018g. SA= 
6mr1)roK«^fc„ 

[0053] K«<DE|Sj^|(3lig**|Sir-*ofc. ^&Hfc 

ftttl*. »S»3t&£BrA<1.25T, fta*H cJ A<1080kA/ 
n. MBa«0flJI»ttftt6(Wreft?fe. 

[0054] ^e,*ifcK«i=a2i=*-ra««>o#, 
*t>i-a2ir*-rs2HBo>ttK^fi£»Lfc. 



*. 

[0055] Jtttfl2 

[0056] S2i=*u fce»^6. c«)iBWi:*4itf, a 
fcic*y, a«*«i:«iSi-^**v€.**a^ioopiMiia 

[0057] 
[«2] 







an 




Hk 














JM 


















yxn 


(ppm) 


(kA/m) 


ft 






6 






26 


94 


920 






8 






15 


32 


950 


00 
2 






17 






20 


47 


935 


It 






25 








186 


95 


« 






15 








127 


240 


2 






20 








169 


175 



[0058] ti* 3-«r-f >y«B©»*aoaitt«tta>*fc3ft<*a 



(51) Int. CI. 7 HJHE^ 

H O 1 F 1/053 
// C 2 3 C 18/31 

(72)&ft# Bft Ufa 

*BtoHS«a*»rjlJ.l2TB15-17 tt 



F I t-73-K (#*) 

C2 3C 18/31 A 
HO 1 F 1/04 H 

F*-A(#%) 4K018 AA27 FA23 KA45 

4K022 AA02 AA44 BA01 BA03 BA06 

BA07 BA08 6A09 BAM BA17 

BA18 BA21 BA25 BA32 DA01 
4K044 AA02 BA02 BA06 BA08 BA10 

BC02 BC14 CA13 CA14 CA16 
5E040 AA04.BC01 BD01 CA01 NB14 

NN01 NN06 



